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[ i ] k s g a n mn^g * * a-fb # y * a ^ 

ffiflBS&*Jf (± % InGaN#Piai I n G a N/* V TM Lfc*^# 

Itf IS I n G a N#p^<7) I n&J&tt 5 %JJJL± 1 5 %J^Tt^a d t 
*flftary SA9frfk^4MM**1Io 

ffigBI nG aN#P^co I n>£Bj£li 7 %&_h 1 3 %J^Tt^^ ^ 1 it&mt-f 
Hfrffil nG aN#FfJf C9Jp£t±l nm^i2 nm£lTt*4ii:^tn 
HUffll nGaN#Pi^)f${±l. 3nmJ^±l. 8 n mJilTT^I. CI 

«fci-*SMbsry **$ft^4MHNttt. 

irfBA 1 I nGaN^JTl^A IMUI 4%JU±4 0%&T*C**K I n 

feAi* o . i %m± 5 %jftT-c*« c «r«F»fci-*aft5!ry * A^ffrfi**?* 

mfffiA 1 I nGaNAijJiOA 1 i&J&M: 1 6 %JtSJL_L3 0%&TTNfc»K I n 
«ti 0 . 5 %m± 3 %mTT** 01 1 *#%k-tZ&W) *>A7Ml&to*m 

fuffiSibfcJl Lfc A 1 I n G a N/* -;7 7l 
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WIBA 1 I nGaN/t 7 77iWA l&J&fiO. 5%J^±3 0%^T"C*^ 

i nm.mt o . i %ojt 5 %j&tt** i t zwwit -tzmtfrv * A*ft*» 

HfTlfiA 1 I nGaN/t 9 77fl©A 1 ifcjfctt 1 %&±2 0 %mT"C* 0 , I n 

IMn] fff^iffim^fiti&^T, 

ffitlB I n G a NXjsmR&A 1 I n G a N/*V TJf fi, 7 5 0 t:J2LhT?J&jfc$ 
[0 0 0 1] 

**Wtt*ft*r»; A (GaN) M^tt^Mtt, 4tttfc3 7 5 nmJBlT 
[0 0 0 2] 

tt*J:0, I nGaN«itU:tS3 7 5 nm~6 0 0 nmf^LED 

anwM- & o 1- & *> uaix & ts ^sbfc&jbPsat jhi cv7h 

U x = 0<7>*§# (GaN) <£>3 6 3 nm^f>x= 1 69*§^ (I nN) <D 6 0 0 

[0 0 0 3] 

[#§9!^& L «t d 1 1" a RJH] 

tSl:*^TIitfi3 7 5 nmWTOlt^SV>|i^|i (UV) L 
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3 7 5 nm&Tfc** I n&jftx ^IST^/Js^ < *9 ^ I n$^^> ^t5^^ 

i nG aNZ%ytmt^&mvmm&)i l z7FmtT*$>2> 0 

[0 0 0 4] 

^ &«3 7 5 nm^Ti:^v>t^»OlfL^GaN^WfMt^ 

[0 0 0 5] 
[1£M & /: # <7)^] 

P®i:A l I n G a N^''J 7f$:f i L^#pi^^tf C t 1 1 f|, 0 
[0 0 0 6] 

PTIB I n G a N#pJf <D I n«;t± 5 %&±. 1 5 %aTt^-?> £ t tf#f-m~?$> 
[0 0 0 7] 

luffi I nG aN#pf(7)f$ttl nmJiUi2 nmJ^T^&& £ «9 
> 1. 3nm£LLl. 8 nm^T-e** CI t)bfMX"$>& 0 
[0 0 0 8] 

BUS5A 1 I n G a N^y T/pOA 1 &J&J± 1 4 %iiX±4 0 %£lTt?* ^ In 
&J&ttO. l%Ja±5%JSlT-C**ii:**jaFa-C*0, HffSBAl InGaNA''J 
TSOA lMlil 6%m.h3 0%J^T-C*f), Inl^O. 5%JSUl3%& 

[0 0 0 9] 

**WO*ISJCi3V>T, £<bK, tfrlB»#«fc|*»LfcA 1 I nGaN/^7 
[0 0 10] 

KTIBA 1 InGaNA'y7 7f<?)A 1 0 . 5 96J£JLJt 3 0 %^TT** «9 , 
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InMliO. 1 %JSl± 5 %^TT** ^Ct 7&**tffiT* 0 , mfffiA 1 I n G a N 
7 rlWA 1 1 %JJll± 2 0 %WT"C* f) , InMliO. 5%&_L3 

[0 0 11] 

3: £\ iftfE I n G a N#pJf&rj?A 1 I n G a N^'J 7/1 fi, 7 5 0 t^JfC 
[0 0 12] 

-^^(^ *»W<0*MMW11UU LT I nGaNltA UnG 

a N®<0i^-#F«5t^^r-r^> o A 1 I n G a NM'J 7J1<7V^ K^-V * :/ti I 
n G a N^O K^-y * *9 ]£ < , InGa N#pil<7)^^^^ K3r> v •? 
*W±LX&m-&1>*ffitL&4k't&o Al InGaN^VTitltffl 

I nG aN#pft^^S^/>$ < & *K M^£j£MLTf& 

[0 0 13] 
[0 0 14] 

<D&fiLl OJhKJH^ S i N^7 7?g 1 2, ISiS (LT) 1 4 

> r>K-7*GaN116«$Wo -Tftkli, <Etfc*fi«-t-&7t:*OJi-e 
T> K-yGaNi 1 6±JcE&f^«JE*1g : <i-*7tj60n-GaN«l 8 
#3&£$*L* 0 n-GaN|18±i:, n-^7^Kii20^t-CGaNtAl 
GaN«r£Sl::*JBL;fc (n-GaN/n-A 1 GaN) OSLS (Strained L 
ayer Super lattice /t«M£*L& 0 fit, n-^77Kl2 0 

±t~> AlInGaNA777i2 2 £0%** 2 4 7&*3&£$*l& 0 flTfcJt 2 4 
(import <U I nGaN#PitA 1 I nGaN^VTi^iL^ii 
^#P*fStMQW3&>f>&& 0 f§?fri2 4±l:p-^7 7 Ki2 6fc LTG aNi: 
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AlGaN^ifU: (p-GaN/p-A 1 GaN) <OS L Smimj&ZtL& 

0 -t%t>%, ^III^LEDIi, A 1 InGaNA'777|2 2 £MQW#§ 

»fWBE*ft<-*-*fcJ&*>p-GaNJ12 8«^$tL, $ fcfcp -G a N« 2 
8±lC P m^3 O^Jft^tLSo — n-G aN« 1 8<0— 

[0 0 15] 

^SK&^Tii, 2 4 i: LT I nGaN#PltA 1 I nGaN^'J T/p 

z&mzffim Ltz&mtt#j3mmm^ h tix& •? , $ h Kf&xm 2 4 £ n - 

*9yVm20 p -^7^126 •e*ORIH»*« 2 4 ti«$*tA 1 

1 nGaNA777l2 2 ^J&£*iTV>& 0 

[0 0 16] 

[0 0 17] 

EI 2 £|±, HI 1 Kfcnt&fiBfcJi 2 4 «l^$tLTv^ 0 f&tm 2 4li, I 
n G a N#pjf 24btAl x In y Ga i_ x _ y N^V 712 4 a Z&mzfitm L 
Tfifj&£*l& 0 iClt\ y>0t*4, InGaN#Pi2 4b©f$li^x.|f 
1. 5 nm-e*D, A 1 I nGaN^ij 7 |2 4 a $ (iff x. fi" 1 2 nrnf* 
*o *ft«?igL»Jifllx.tf7'*T (1 4*) T*&& 0 A 1 I nGaNA'; 7 |2 4 
a <D/*> K^-v ^lilnGa N#p?Jf 2 4b <Drt> K^> y i) £/£v> 0 
JTX*Wm-?Zt, I nGaN#p!2 4 b fcrm^fc lE^m^LX^'t 
&o I nG aNJ|t»T?tt]SCafl&H«ft3 6 3 nm&TT'<7)%Mt^mtX~$>Z>& 
, #PltAMj7i^^i;nfitf:MQWttl,ife, I n G a N#pf 2 
4 b ©*»»/t> K*> „ *i4 0 H^,ysr> y yoit^tc <fc 19 . 

««3 6 3 nmaT"PO»j|OTftU4. I n G a N#pf 2 

4bttInaft#JtttW^§< («*|* Inttx=10%) > I n«jft«& 
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[0 0 18] 

A 1 x I n y Gai. x . y NMiJ7i2 4aU n (y>0) > 
I nWI"br* ? 4C, #FJS2 4 b fc^iftt^t'J TOWfeftoWtC 
IEfi:^#«JC J: ^-fl&Tt^^T^Mli^ tL^> 0 /ti; r* 2 4 a LX I n £ 
^^Al GaN^i;r««:Mv^»-6-tJt«f Al I nGaNtlil 
n G a N#pf 24bt ©«^Se£t&*/> $ < , £ K < < ^ 

^ 'J * h^cb&o gW4L^i/^t*ot^ A 

1 I nG aN-Tii#p-iS2 4 b t'^)Tm2 4 a fc£ C&M-^/hS < CI 

2 4 b^^^A^ttfcS^-IE^^^r&IH^tfj^^ -etLfbO&i&IW^T)^ 
M^«9?t/Jn^ < LtS^^/>? < LTL^ do #P«2 4 b KM 

) li\ #K#F)f 2 4 b^v^^-K^^C^^ #p!2 4 b^v^^ 
TA 1 I nGaNS:ffiv^^^/>$ < U 2 4 b<Dm.fr*WfflL 

[0 0 19] 

K, &Jtm 2 4 K&v>T I n G a N#pJf 24b^K, Al InG 
aNA'J7i2 4 aO/N'>K^-vyy=S:lA<i-^ < ri:T\ i^MKJ:*) I nG 
aN#pi!2 4 b <Dm%)&)%^> V^^r V?*&lfX§t3bWi%:3 6 0 nm&T£ 
StJ&T?§& 0 ZO&X, $lx.l£l n G a N"Cfi& < A 1 I nGaN^jfcitL 
Tlv^tS3 8 0 nmJiJlT^LEDt^g^KM^^o 
[0 0 2 0] 

I nGaN^jfcittl)LEDO^ InG aNl«H$^2 nmJJlTC 
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^2 0 0 2 - 2 0 6 5 8 1 ^ ^-y 

nGaN#pf24bli2 n m&T« < * d t^ST?**^ *H*63OT 
<7>H3frf 2 4 li I n G a N^flHSrf&ftJl i Lfc*^Jc^U*»^^ftTtt^ 

f^Ifili, ^7f2 4atLTAl I n G a N*fflv*TV>*fc*, 
±«LfcJ: 9 I n GaN#Pi,2 4 b^O y ^mtmizm^L, 

®m%lW) 712 4 a^^a3LW$ <*otl>5^f*S, 
[0 0 2 1] 

**K /^;r«2 4 at?*5A 1 I nGaNliA 1 fc^trfc 
(±1 nGaNOHzat (6 5 0t:~7 5 Ot) «fc ^n^g (MxJ3f8 0 0 °C 

712 4 aWtt4S<44. 
[0 0 2 2] 

A'7 7 7i2 2liAl I n G a NT*«j££*L& 0 A 1 *«£trfci6. 
m>;«<^^ #P*2 4 b J: 0 C^)i2-2t:^#Pi 
2 4 b-s(01^(DM^|ai±l, ffiKljEJW^t* 7712 2 £«£*i£tr** 
< LT, • jE?L*S»^W^#^« 2 4 b rtfcH ta*a 0 
[0 0 2 3] 

*Sffl0IIO LED ttttTO^n tftT«SS *14 0 tJEMOC 

vdshekt. t7 7 ^7ciiti o^^frtot-bT-^jcfti, 110 

&o ^/^f;i/y7>^t7>^7^^^$Af^f, 1 0 0#«U 
S^l 0±l,Zsf&m&} (^v^fi^ic) S iNA' 7 7 7ll 2 ^ 
I^Cimtt'H$2 5nm<7)GaNA*7 7 7f (LTAy7 7f) 1 4 & Hj 
^f;^'J^AS0f7>€-7^^^iAf^?,ML^$^ o -e-L 

r, iajft* i o 7 5t:s-c±»f, so'h y *?-;v;*p; ^a^lpt ;^-72fx& 

^LTffS2^m07>K-7*GaNll 6 ^/^f^y? 
f^tMfeS i K-^Cn-GaNl (nlU) 18*1. O^mJ&SS 
n-GaNil 8 *<£>*^ 'J T&jglifc J;* 5 X 1 0l8 cm -3 T -&£ o 
[0 0 2 4] 
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Rl— iaftTS i K-^On-A Iq.iG ao.gN (2 nm) /S i K— y 
On-GaN (2nm) S:50^7M$ttSLSfi|tln-^57 Kf2 
0£j£:K£^& o A10JK**£LTIiM;*^;i,T;i/$-*A (TMA) a*JHm 
&*l* 0 M2 0O^l^«li5Xl 0l8cm-3-C^o *<D& 

.WLMZSOO t m T T > K - y A l 0 . 05 I n 0 . 01 G a o. 94 N / t yy 

712 2^J^«^^^ e /N'777i2 2 0l$li3 6 nm-C*& 0 JjfcRffiJ£**8 
OOtfcftV^ft, *oaaWl*W<**, Al I nGaN/^7712 2 

nU8 0 0TC-CT^K-^I no.1Gao.9N (1. 5nm) /T* 
K-7°A l 0 .2l n 0 .iG a 0 .7N (9 5nm) £ 7 ^TJ&SS-tirTMQWSBfcJi 

[0 0 2 5] 

ffift*9 7 5 < C$"e_hlfTMg K-^Op -A 1 0 .iG a 0 . 9 N (2 n 
m) /Mg K-^Op-GaN (1 nm) £ 5 0 JBJBjftSS-frT S L S«itO p 
-^9 5»Ki2 6**m $^:I$20nm^)p-GaNl (pfif) 
2 8£;&:ft$-£& 0 SLSOp-^9«y K12 6Mp-GaNf2 8 ^OiE?L 
*Jft*4**i-e*L5 X 1 0 17 cm A 3 X 1 0 18 c m-3-c&-i> 0 
[0 0 2 6] 

muz, #|^, KJ^ &JSia£*3jrt 0 
[0 0 2 7] 

nan] 





n*-GalSI 
p-(GaN1 mn/AIGaN2nm) 
50 SLS 


Al:~10% 


20nm 
150nm 






lnGaN1.5nm/AJInGaN 12nm 
^ 7MQW 

! SI-AllnGaN36nm 


^j^lnr—IOft), 
WS(ln:1fc, AI-20H) 


95nm 


800 




rKGaN2nm/AlGaN2nm> 
50 SLS 

n-GaN 
u-GaN 
LT-GaN 
SiN 


ln:l%, Al— 5% 
Al:~10% 


36nm 
200nm 

1 Mm 
2um 
25nm 


800 
1075 

1075 
1075 
500 
500 
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1^2 0 0 2 -2 0 6 5 8 1 ^ 

tBU Ni (lOnm) , Au (lOnm) *JDUfcJC33&lF LX$miZ. : &j& U 

5%<7>mm*$tsmmifxwim^, 5 2 ovxmMWLxmm&mmz p&w 

n-GaN118±i:Ti (5nm), Al (5nm) ^IfU It**X 
4 5 0tT"3 0^FMIltnlg3 2 ^Wl> 0 ptfe3 0MnI 
^3 2(D-UK r 7 4- s ?tfy-r4 >vm<DW.% 5 0 0 nm^/N 0 -y K^ffMU 36 
^1 0<7)*W£ 1 0 0 /um£X~ffimLXX?7-?K3i v "7^ 

[0 0 2 8] 

\>X±<D Xiiz LXimZ titz LED t-VnM * *»#3$o* £ A*l, mi^ftA 
LTLED^NM^^P>tB#tL7t^m*^M^L7to ftffi#f±&Am»iL2 0 m 

'pWth^^telhh i><D<7), 3 6 0 nm + 5 n m^f&B-e&o 
[0 0 2 9] 

f&^frf 2 4 C&tt&'ti; 712 4 a K^r-t y "/Of^W&Jt^l-^ 

<> /ty rm 2 4 a(0^^i:it^i^o^ tma (mj^^ut;^ 

[0 0 3 0] 

HI3 tC^<^^^$^TV^ 0 T@2 4 aM^OTMAli ( 

■7n-V-h : seem) Xh'O, m&fcffi, L&trtfX<Dffi.m*mHmxmLfz 

i><Dx&z> 0 immimmim<DmMmx\ mfrmzi%oxnfcLfzm<7)&x.*i 

/4Xh2> 0 TMAffiA*7 s c cm^^l 0 s c c mKJf #D£-e-& t y 
mit2. 6fel,z%Z> 0 Z.<DV?mx%.Mmtfzs^) 7/f2 4 atf>«{±, I n« 

a*g*> i %, a i m.m^2 o %T^o7t 0 a i m.j&i,±TMAhtm-teimmi-z> 

fci£>, M'jT/12 4 a OA im.m±l 4% (20X7sccm/10sccm) 
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C & ») , 1 4 %J2LL4 0 %£lT*«a* L < , 1 6 96J2JL_t 3 

[0 0 3 1] 

7l24aOI nMtCO^tli, I n«^f^. t t i> K3r 
•V 7 < * OTN In &j&tt/J> $ v>#j&*S * t I n M^-t? n 

^ t immii^mn-t &<> in 'jri2 4ami: 

<7)I n^ii-e-OT^a^|g^r*^ib^5e$tL, ±&iWs*> K^-v y 
&5e$*L*£i:*:fciK ^WtwiiO. 1 %WJL 5 %mT^M iL<, 0. 3% 

[0 0 3 2] 

#Pl 2 4 b O I n«li, I niBD$S?>WS < &o 

L^-9o Lfc^oT, *«£ I nMl^^$n-S^tli:#pI2 4 b <7>J¥ 
$fc<tefipLTifcjfe$*L*o #0X-l£\ f&3feiSSj&*3 6 0 nm<9|^i:U, 5 %JSJL_H 
1 5%aT«L<, 7%J^_bl 3%mU»)iiU»o JJtSKHLTIi, 
ii : 'M^ffiS$^^< 1 nmJJl±2 nmWII L<, 1. 3nmfil±l 
. 8 nmmWJ: Lv> 0 2 4 b<7)J¥£&3 nmJ^itn^ 

SfcRJi4 0 0 nmt% Z> Z tZmULX^&o #p!2 4 bXU f ^'JTi2 4 a 

8 0 01C) #X Lv\, 
[0 0 3 3] 

lfe*JS 2 4 K:fctt&/*iJ 712 4 a OgScS^«f TMA(7)Ii^ 1 0 
s c cmt:@^U A 1 I nGaNA*-y77i2 2 TMA £^ffc£ 

[0 0 3 4] 

114 lZJ:<D%g%:tfm-£tiX^2>o m^fev^r. fHifiTMAIi (7n-l/- 
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3 s c cmK#Jni"*fcl&3fe&J£7&*2. 7f&fcfc*o $ «b &CTMAsft»£ 1 0 s 
c cmST-iifln-f £ t^feSiEti^^-ST-r-So TMArtHfn<^^;:§&^5£jg 
/<y 77122 <7V*> K^-v y *7tfW><*titb (A 1 *&j£#0 1?** 
fc*>) IW-;7t|2 2^f,H3fei2 4 K^K&ASfr 
ttjRL**/*? 77122 *«ftffi LTjE?L<7)#FS 2 4b rp^MC^®^-^ 

K12 0^^m^-^A^tLtc< < $r*fc#fc#x.P>*L* 0 
[0 0 3 5] 

Lfcri*oT, A 1 I n G a N/<7 77l22©Al 0 . 5 %&±3 0 % 

JJlT^iK, 196J2Ui2 0 %&Tri f .fc Lv> 0 A 1 I nGaN^;77 

12 20InMi:ov^li, I na^-b*nco^C§&^»^^^ - fc 
£«tELT^& 0 CtUi, I nttJfcO»<b!fj&*/*y 7 7i 2 2r*3T*>g§. 
$0&£te«#LTV>£fci6fc#&fc*iSo Lfc^oT. Al I n G aN^y 7 
7i2 2«InMli0. l%J^±5%TO 5 iiL<, 0. 5%J^±3%J^T 

[0 0 3 6] 

cio i -9 tttmm-w*. H3fci 24t Lxmi&<omammo i n g a n 

tAl InG a NcO#li^#F^fflv^T I nG aN<0||»N*> F^y^ 
i£±L"C3 4 0 nm~~3 7 5 nmCO^fc pTjtgt U t £\ /*V TitUA 1 

MISiOA 1 I nGaNA-;77lP^;i:t^t l J7WK|[:ftAt 
[0 0 3 7] 

[0 0 3 8] 

0flx.«T, *3teM0g|R-CttS iN^7 7 7fl 2*ft£)&LX^2>7bK 3£{££»IJ 



tb!EE# 2003-3061436 



1^2 0 0 2 -2 0 6 5 8 1 ^ : 12/E 



10 0 3 9] 

tit. S i 2 ^ISS (LT) ftftA ? 77i 1 4i&&J&.&<7> 

GaNP^ 7 77«T?t#lfeA-5Cfctlir^-e*4o 
[0 0 4 0] 

[01] *i&^H^*LEDO#^g|-C**o 
[HI 2] HI ^tt*|feJfe«0#«lfl|j«HT**o 

70"e*^ o 

[in 4 ] -7 t**k*?- TMAoiit m*/*? - 1 ^m^zm-tr 

10 12 A?7ri, 14 LTA*777i, 16 G a NS, 1 

8 n-GaNi, 2 0 n-^H'l, 2 2 A 1 I nGaN^777l, 
2 4 2 6 p-^^KI, 2 8 p-GaNf, 3 0 plfe 3 

2 n^I 0 
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[Ell] 



30 
28- 



26 
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22- 

18- 
16 
14~ 
12- 

10- 



24 
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[0 21 
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HIM 



p-GaNJi 



AfllnGaN /W7 7>Jg 



n-GaNJl 



GaNJI 



LT /W7 7l 



24 



^-v*: 1/ 



-32 



AfllnGaN JVjym 



InGaN QpM 



AiMnGaN /VJTl 
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mm] 

[ffife^m LEDIii«l 0±\ I ZG aNi, n-^y K12 0, Al In 
GaN/<777|2 2, |&jfc«2 4, K|2 6, pll3 0, nli 

3 2MLTM$^ 0 Mi2 4li, I nGaN#pl^A 1 I n G a N 

'tyyrmzmmLtz&mmttFiffi&x'&Zo M^^m^zxy) uGaN 

A 1 I nGaN^'77712 2 !:ffii/^Ci:fl^H»H^i2 4 K£A 
U S&t£$J^£ if* 
[M^EI] EI 1 
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